In recent years, the behaviour of older drivers has become one of the main objectives of safety research and much attention has been focused on the perception of the driver. Several studies have shown that mental and physical conditions, driving habits and behaviour when performing certain manoeuvres differ with age. The mental and physical faculties of over 65-year olds and their ability to concentrate behind the wheel deteriorate more rapidly, with the result that there is a greater likelihood of them having an accident. It is for this reason that research in later years has focused primarily on identifying active safety measures to assist older drivers, aimed at facilitating certain tasks and improving their performance, so as to avoid mishaps on the road. These measures concern above all restrictions and limits, support and assistance, redesigning the road system, and in-vehicle driving aids. In this paper we have analysed the behaviour of elderly drivers while they go through a roundabout: we investigated their visual perception during driving, to assess which elements help drivers to cross the roundabout, and which have bad influences during guide (distractor signals). To evaluate the drivers' perception we propose an index, based on frequency and length period observation, to assess stimulus generated by road: starting from Neisser Index, we propose an experimental index based on the complex structure of driver's vision. A mobile eye tracker has been used both to define which elements drivers use during roundabout crossing and to measure the time period perception of each road and traffic element. Eleven older drivers are tested on a suburban roundabout: also eleven young people were tested to compare the results. Results confirm that elderly drivers are concentrated only on traffic flow arriving from the right arm of the roundabout and the vehicle in front: other elements on the roundabout have no influence on drivers' behaviours.
Introduction
Physical and medical conditions, sensory and cognitive functions of a driver are factors that influence the attitude to drive [1] and thus influence the likelihood of an accident [2] . Aging causes a decline in skills that are required for performance of complex tasks such as driving. This issue is of general interest because medical advances have led to an increase in average life expectancy: people older than 65 years are the fastest growing segment in the population and they continue to have a key role in society. This feature has a direct impact on their mobility needs, because they tend to leave the driving license later [3] . Drive a vehicle is still a way for the elderly to keep their independence and participate in social life, particularly in rural or remote areas where public transport is not suitable to their needs [4] . General data on injuries show that accident rates are higher for older drivers and increase exponentially over the age of 75 [5] . Accidents in which the elderly are involved are also characterized by a high level of damage due to the decline of their physical condition and the high rigidity of their skeletal system: the probability of being involved in a fatal accident increases from the 70 years age [3] :
 for drivers aged between 70 and 74 years the probability of death in an accident is double than drivers aged between 30 and 59;  while for drivers with more than 80 years old the risk is five times higher [6] ;  higher mortality rates are due to physical fragility that makes a simple accident, a potentially fatal event.
Vision is the ability more affected by aging and is the largest recipient of stimulus needed to drive [7, 8] . Visual impairments influence the probability of an accident [9, 10] and also affect the ability to identify and understand a signal or a visual stimulus [11] . Dobbs [12] identified some visual problems, typical of old age, which can be disabling for driving and impaired visual acuity, glaucoma, retinitis pigmentosa, cataracts, macular degeneration, diabetic retinopathy field and visual defects. In old age the eye is more sensitive to glare and increases the level of illumination needed to capture a visual stimulus [13, 14] : it causes a reduction of the visual field [15] , and the focus for the different distances is adjusted slowly [16] . With aging also increases the minimum duration of fixation needed to identify the details characteristic of a signal [17] : in fact elderly drivers show poor performance of visual search in localization and signal reading and the scanning speed of the visual scene undergoes a marked slowdown [18] . A study by Owsley and Ball [19] showed that drivers with a reduction of the visual field are likely to be involved in an accident 15.6 times more than drivers with normal visual field. Accidents caused by elderly drivers often occur in early morning or late evening, due to low visibility [20] . Older drivers are in trouble in various traffic situations, particularly in the left turns [20] , in intersections and in those regulated with the stop sign [21] ; in fact, accidents involving elderly drivers happen mainly at intersections [22] . These particular situations, where there are many stimuli, are difficult to manage for elderly drivers, because of the number of operations to be performed crossing an intersection (vehicular and pedestrian flow control, evaluation of manoeuvring space etc.): these manoeuvres enclosed in reduced time, can cause a work overload for the driver and determine the decline of his mental and physical abilities, thus increasing the risk of error [23] . Older drivers are not all dangerous, but rather show a prudent behaviour and they compensate for their disadvantages physical with their experience [21] , because age is a compensation of some abilities [24] . The objective of this study is to investigate the phenomenon of visual perception of an intersection roundabout by older drivers compared to some young people, and find a relationship that allows us to assess the complexity of perception of all the observed elements during drive task. Two groups of drivers have been selected: one formed by the elderly drivers and the other by young drivers, all have travelled in the same itinerary where is located a roundabout. For each one, using a portable eye-tracker, fixation times have been evaluated and the level of perception of the elements has been estimated; finally an analytical relationship has been calibrated.
Methodology
The study has involved 22 volunteer drivers: 11 elderly and 11 young people. The older drivers (named from 1 to 11) were 9 men and 2 women (generally older women tend to not renew a driver's license once they retire and 65 years of age reached). The older drivers tested were aged between 67 and 82 years and the average age of the sample was 72 years. 54.54% of the drivers have eye problems, but only 45.45% regularly wears glasses. 45.4% of drivers suffer from hypertension, while 18% have problems with high cholesterol and adult-onset diabetes (a disease with direct implications on the view), only 18% do not have any general health problem. Young drivers (named from A to M) were 8 men and 3 women, and they are aged between 24 and 47 years and the average age of the sub-sample is 33 years. None of the tested drivers presents general health problems and 4 of them have some slight ametropias, which are corrected with the use of glasses or contact lenses corneal. The tested intersection is a four-arm roundabout with a diameter of 40 meters, and the traffic level of service not less than B. It is located in a suburban area, chosen to avoid disturbing effects from congestion, or from pedestrians that might influence the perception of the roundabout geometry; the tests were conducted on weekdays, because the roundabout is located in an area that during the holidays is affected by significant tourism flow; moreover the tests were conducted on different days, always at the same time to avoid that the visual perception was affected by different light conditions. Each driver has used own car so that there was a strong familiarity with the vehicle, so distractions have been minimized. Tests of visual perception have been made using an "eye tracker" portable with two cameras synchronized: the first camera points the eye, to record pupil movements; the other camera looks the external environment observed by the driver: the synchronization allows us to see instantly what the eye sees and how long. This tool uses eye tracking technology called "Dark Pupil Tracking". The data obtained from the registration were analysed with software "Gaze Tracker" which identifies the points or areas observed by the driver, and calculates the duration of the look: also allows us to define the movements of the eyes to different points of view, thus allowing the reconstruction eye movements. The drivers' visual field was divided into eight areas, named "look zones": previous vehicle, arm of the roundabout located to the left of the driver, arm of the roundabout located to the right of the driver, arm of the roundabout located in front of the driver, road signs, centre island, traffic inside the roundabout, exit arm of the roundabout. To analyse the output data a matrix was developed, where second by second, the look zones viewed are pointed: (1) means the look zone viewed in that second; (0) otherwise. Below is a matrix: Table 1 :
Matrix to analyze the fixation times. So, the travel time of the roundabout has been transformed from continuous variable to discrete variable, thus defining the observation time for each zone. To compare the performance of several drivers who were tested, the observation times of each look zone were expressed as a rate of the total travel time of the roundabout.
Data analysis
Now we explore how older drivers perceive and drive on a roundabout intersection, so to understand how they deal with a driving condition difficult taking account also on influence of habits, or stereotypes.
To understand which elements drivers have considered more useful during guide we have measured observation times of the various look zones, shown in fig. 3 , who are:
Look zones analyzed. The main difference between the young and elderly drivers when crossing the roundabout is the speed of execution of the manoeuvre inside the roundabout. The average time to cross the intersection is 24.45 s for elderly drivers and 16.64 s for young drivers. With aging does not occur a remarkable loss of accuracy in the visual search of signals, but there is a slowdown of the processes involved [18] : in fact the fixation times needed to capture the different items of the roundabout are higher for drivers in old age. As shown by the above analysis, if we consider the observation times of the different elements of the roundabout expressed as a ratio with the total travel time of the intersection, there are no considerable differences among young drivers and the elderly. Table 2 shows the observation times for the eight look zones, expressed as a rate of the total journey time of the roundabout. Analysis of data shows that the element mainly observed is the vehicle in front, and that it has been seen by older drivers for 36.62% and by young people for 31.86% of total travel time of the roundabout. All drivers running through the roundabout often observe the centre island to set own vehicle path: in fact, the centre island has been seen by older drivers for 16.75% of the total time and by the young for 16 more at the arm of the roundabout located on the right side than one located on the left, although they should give priority to traffic coming from the left side. In fact they have looked at the arm of the roundabout located on the right side for 14.40% of the total time and the arm on the left side for 10.45%; moreover the young have less observed both arms, for 11.57% (right side) and for 7.79% (left side) of the total time of running across the roundabout. The young drivers have looked the arm of the roundabout which is on the opposite side for 10.55% of the time, but the elderly only for 6.10% of the time (three old drivers and two young drivers have never looked it). The elders have observed the arm to go out from the roundabout for 10.36% of the time, while young people for 15.63%. The traffic flow inside the roundabout has been looked by older drivers or 3.80% of the time, and by the young for 5.8%. Only one elderly driver has seen the road signs on the roundabout, to verify the way out of the roundabout. Road signs have been not observed by young drivers: it may be that they don't consider them as driver assistance, as also shown by previous analysis regarding the whole route. That is because within complex nodes as intersections (particularly roundabouts), there are too many stimuli that can't be perceived together, therefore drivers exclude some of them, such as road signs. Briefly, older drivers observed more than young the previous vehicle and the arms on the right and on the left side. Instead young drivers observed three elements longer than the elderly the traffic inside the roundabout, the arm in front and the exit arm of the roundabout.
New perception index
In 1964 Neisser and Lazar [25] defined a synthetic indicator to define the average time T required to find a target signal within the visual scene: this time depends on the total number of observations (n) and by the average look time (t). For Neisser, the time needed to acquire the stimulus was:
By analyzing this formula, we have note that it doesn't include either the number of looks or the duration of each look. So we have decided to propose a new formula, using the gaze duration to measure the complexity of perception. Compared to the Neisser index, we have considered the same variables as, for example, the total number of gazes and the duration of each fixation, but, in our case, we have considered not the average time but the real time of fixation. Moreover, for real time of fixation (t), we have chosen to use an exponential structure. The proposed formula is: This new index provides a measure of the difficulty of perception of the same stimulus for different people, and it may be representative of the difficulties encountered by a single person in the observation of several stimuli. Then the index can be used to compare the ability of perception of the various people or to assess the complexity of a stimulus than others, for the same driver. The advantages are:
 real time has been considered, not the average fixation time;
 length of the single observation has been introduced;
 new index penalizes people who have difficulty to perceive a signal and maintain the view on this for long time, averting eyes from the road;  the exponential form is better for perception in parallel [26] , that drivers use to search for stimuli in complex scenes such as the road intersections.
Perception of the roundabout: application of new index
The new index has been used to assess the complexity of perception of several look zones on the roundabout travelled during the test. Road signs have been excluded from the analysis of the roundabout, because they have been ignored by drivers, so we have calculated the fixation times of each look zone, for each driver; these data are duration of the single fixation (t i ) and number of fixations (n i ) for several time length. The following table shows the values of new perception index, calculated for all tested drivers. T indicates the total time to drive inside the roundabout.
• The table shows that the most difficult element to perceive has been the previous vehicle both for elderly and young people: the average perception index is 31.82 for older drivers and 18.18 for young drivers. Driver B (young) had the greatest difficulty to perceive it: his index is 72, and he observed the previous vehicle for 10 s and then for 42% of the time of the test. The Driver 8 (senior) and drivers E and M (young) have perceived this look zone quickly: these drivers have observed for 3s and their perception index is 6. Generally older drivers have observed this look zone for a mean time of 8.45 s and 5.36 s for the young ones.
• The centre island has been a difficult element to perceive, as confirmed by the perception index: 10.55 for elderly drivers and 5.45 for young drivers. This look zone has been observed for an average time of 4.18 s by elderly drivers and 2.73 s for the young ones. The driver 9 had the greatest difficulties in the perception of the central island and for him the perception index is 20. During the test, this driver has focused his gaze on the island 4 times and he observed the element for 6s (25s for driving in a roundabout). Despite the drivers 6 and 7 have observed the element longer time (7 s) compared to the driver 9, for them the perception index has a lower value: the index is 14, because the fixations had a short duration. The driver 8 had easily perceived the island and the index is 2, (has observed only 1 s). One of the young drivers had never seen the centre island during the test.
• Regarding the arm of the roundabout located to the right of the driver, the perception indexes are lower than those calculated for the element considered above, so this look zone is easier to understand for all the subjects tested. In this case elderly drivers have more difficulty: in fact for these drivers the average index value is 8.00, while for young drivers is 5.27. Older drivers observed the arm to the right of the roundabout for 3.45 s and young drivers for 2.55 s. In this case the higher perception index is 28 (it has occurred for an older driver): in fact the driver 8 has observed this look zone for 9 s, he looked it 5 times. The driver 4 had the least difficulty in the perception of this look zone: it was only observed for 1 s, the perception index is 2. Two young drivers (drivers E and H) have never seen the arm of the roundabout to their right, instead devoting more attention to the arm located to the left and traffic inside the roundabout, and this may be due to greater familiarity with this type of intersection.
• The arm of the roundabout to the left of the driver has been observed less than the arm on the right; it has been observed for an average time of 2.45 s by elderly drivers and for 1.27 s from younger ones. All drivers tested observed this look zone: 73% of young drivers have perceived it by looking for 1 s and the remaining three drivers observed for 2 s. The older drivers instead observed the element for a long time, especially the Subject 2 noted the arm to the left of the roundabout for 5 s (for him the perception index is equal to 10). About this look zone the index is equal to 5.09 for elderly drivers is 2.55 and for young people.
Regarding the arm located to the right, the one place to the left and the central island: the fixation times and perception indexes are always higher for elderly drivers than younger, it does not happen for the arm of the roundabout located in the side opposite to the vehicles within the roundabout.
• The arm of the roundabout located on the opposite side is observed for an average of 1.45 s by elderly drivers and 1.73 s for younger indexes are respectively 3.09 and 3.64. Although, on average, older drivers have lower indexes, the perception index higher were found for two elderly drivers (drivers 4 and 11) at 8, observing the opposite arm for 4 and 3 s during the test. This look zone, during the test, it is never seen by three elderly drivers and two young ones. The index of less perception has been found for drivers 1, 5 and 10 and is 2; they have observed the opposite arm for 1 s during the test.
• The traffic inside the roundabout were observed for an average of 0.91 s by elderly drivers and their index is 1.82 and 1 s for the young drivers, (their Perception Index is 2). The driver 11 had the greatest difficulty to perceive this look zone, noted for 3 s during the test, and his index is 6. The 45.45% (5 drivers) of older drivers tested has never seen the circulating traffic on the roundabout, as well as three young drivers.
• The exit arm of the roundabout was observed for an average of 2.27 s by elderly drivers and 2.36 s for the young ones. Young drivers had many difficulties to perceive this look zone, indeed for them the index is 5.09 and for elderly drivers is 3.27. Drivers 2 and 3 observed the item only once during the Look zones on the roundabout.
test, but for 4 s. A young driver had the greatest difficulty in perceiving this element: Driver D observed the item for 4 s during the test with an index of 10.
Conclusions
This study revealed that the main difference between the young and elderly drivers crossing the roundabout is the speed of execution of the manoeuvre: advancing age causes a remarkable loss of accuracy in the visual search of signals, but there is a slowing of cognitive processes involved; in fact, the fixation times needed to capture the different elements of the roundabout are higher for drivers in old age. In order to capture correctly all the stimuli necessary for driving, older drivers reduce their speed of execution of the manoeuvres, in order to make them compatible with their perceptual and cognitive abilities. In this paper we propose a new index to calculate the perception level of drivers for a roundabout. We compare older drivers perception index with the same calculated for a set of young drivers. Older drivers have some difficulties to perceive the previous vehicle, and the arms located at the left and at the right side respect to young people. Through this index we have tried to propose an objective measure about the use of road signs, in such a way that they represent a guide for the drivers and not an additional risk factor. In next future, we improve the index structure using the total travel time and look zone observation time, generalizing the relationship in order to compare the visual performance of drivers who travel roundabouts characterized by different geometries.
